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SUHHARY 
The  performance  of  a  recharge  basin at the  Kwinana  Groundwater  Recharge 
Site  has  been  monitored  since  1983.  A  primary  aim  of  the  monitoring 
programme  is  to  study  the  improvement  in the  removal  of  faecal  coliform 
(FC)  and  nutrients (nitrogen and  phosphorus)  by  amending  the  sand  of 
the  recharge  basin Rith  gypsum  neutralized  red  mud  (RMG)  . 
The  present  report  details  the  results of  the  monitoring  programme  from 
August  1985  to  September  1986,  consisting  of  3  operating  stages: 
Stage  1.  Flooding (9d)  and  drying,(12d)  of  the  basin  using 
primary  effluent (August  85  to  Ma~ch 86);  Stage  2.  Flooding  (9d)  and  drying 
J 
(12d)  of  the  basin  Rith  a  mixture  of  2/3  secondary  and  1/3  primary  effluent 
(April  to July  86);  and  Stage  3.  Continuous  flooding  with  primary  effluent 
(August  to  September  86). 
Phosphorus  removal  was  maintained  at  a  high  level  (over  80%)  in all  the 
stages.  FC  removal  was  generally excellent (over  a  million fold  reduction), 
except  at  the  beginning of  each stage  when  primary  effluent  Ras  used  and 
only  a  thousand  fold  reduction  Ras  achieved.  Removal,  however,  improved 
with  time  and  a  million fold  reduction  was  achieved. 
Nitrogen  removal  of  about  40%  Ras  obtained  with  primary  effluent  using  a 
cycle  of  flooding  and  drying (Stage  1).  Continuous  flooding  Rith  primary 
effluent (Stage  3)  did  not  improve  denitrification.  No  nitrogen removal  Ras 
observed  Rith  a  mixture  of  2/3  secondary  effluent  and  1/3  primary  effluent. 
It is recommended  based  on  the  above  results  that  further  monitoring  be 
conducted  using  primary  effluent  to optimise  nitrogen  removal  by  adjusting 
the  lengths  of  the  floodin9  and  drying  periods. 
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1.  INTRODUCTION 
A pilot project  to  recharge  groundwater  at  KRinana  Rith  treated 
wasteRater  has  been  operated  by  the  Rater  Authority  of  Restern 
Australia for  a  number  of  years.  The  pilot  scheme  consists  of  two 
spreading  basins  where  secondary  treated RasteRater  from  the  KRinana 
Rastewater Treatment  piant is applied alternately  under  a  flooding  and 
drying  regime. 
The  basins are located on  sandy  soil  (SpearRood  soil  association)  Rith 
a  high  hydraulic  conduotivity  and  therefore  rapid  recharge  of  the 
unconfined  aquifer,  but  Rith  minimal  removal  of  nutrients,  bacteria 
and  other pollutants.  A proposal  Ras  formul~ted  in  1982  to  improve 
bacteria  and  nutrient  removal  by  incorporating neutralized  bauxite 
refining residue (red  mud)  into the  sand,  thus  changing  the  texture of 
the  top  one  metre  of  the soil in the  basin into  a  sandy  loam  . 
A  baseline study  Ras  conducted  in 1983  and  the  results confirmed  that 
the  unamended  sandy soil alloRed  bacteria,  coliphage  and  nutrients  to 
penetrate  the  SpearRood  Sand  beneath  the  basin to  3.75  m and  Rere 
detected in groundwater  about  20  m  downstream  (Ho,  Newman,  Mathew, 
Parker 1983). 
After  an initial delay  due  to  the  unavailablity  of  an  appropriate 
gypsum  - neutralized  red  mud  (RMG)  one  basin (the one  out fitted  with 
sampling  pans  and  manhole)  'was  packed  with  30%  by  Reight  RMG  in  August 
1984.  The  performance  of  the basin  Ras  monitored  from  September  1984 
to  January  1985.  Faecal  coliforms  and  coliphage  Rere  completely 
removed  during  infil  tration.  About  50%  phosphorus  removal  was 
observed,  ammonium  was  nitrified,  but  no  denitrification Ras  evident. 
The  operation  of  the  basin  Ras  stopped  because  the infiltration rate 
Ras  lOR  (less than  0.1  m/day),  due  to  uneven  layered  packing  (Ho, 
MatheR,  Gibbs,  NeRman  1986a). 
The  basin  was  repacked  Rith  20%  by  Reight  of  RMG  in February  1985 
Rithout  compaction,  giving satisfactory infiltration  rates  (1  to  2 
m/day).  The  performance  of  the  basin  was  monitored  from  March  1985  to 
September  1986.  The  results of  the  monitoring  from  March  to  June  1985 
Ras  previously  reported (op.cit.).  The  removal  of  faecal  coliforms  and 
coliphage  Has  several  orders  of  magnitude  greater than  before  the 
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basin  was  amended  with  RMG.  The  bacterial  counts  in all  bore  sampl~s 
were  within  the  water quality criteria for  water  to  be  used  for  public 
water  supply.  Phosphorus  removal  continued  to  be  about  50%.  Ammonium 
was  nitrified  even  under  cont~nuous  (100  days)  flooding,  though 
concurrently denitrification  was  not  apparent. 
The  results  of  monitoring  the  basin  performance  from  July  1985  to 
September  19a6  are  presented  in this report.  The  results should  not  be 
viewed  in isolation,  but  in conjunction  with  previous  reports  (see 
references  cited  above).  The  main  objective  was  to  optimize  nitrogen 
removal  while  maintaining  satisfactory  removal  of  bacteria,  and 
keeping  a  watch  on  whether  the  removal  of  phosphorus  would  decline 
with  time  as  the  adsorption capacity of  the  RMG  was  reached  .  . 
The  monitoring  programme  at the  Kwinana  Groundwater  Recharge  Site  was 
complemented  by  laboratory  column  experiments  to  study  under 
controlled conditions  the  removal  processes operative in sand  amended 
by  RMG.  The  results  of  the  laboratory  experiments  were  used  in 
determining  the  operating regime  of  the  recharge  basin.  The  results of 
the  laboratory  experiments  are  reported separately. 
2.  EXPERIMENTAL 
The  layout  of  the  basins  and  9bservation  bores  at  the  Kwinana 
Groundwater  Recharge  site is shown  in Figure  1. 
Prior to  the  three  stages of  basin operation described  below  a  mixture 
of  1/3  primary  effluent  and  2/3  secondary  effluent  Ras  applied 
continuously  to  basin  no.1  (amended  with  RMG),  with  the  aim  of 
promoting  anaerobic  condition  beneath  the  basin.  An  anaerobic 
condition  is necessary  to  foster  the denitrifying bacteria to  utilize 
the  oxygen in the  nitrate(Ho,  Mathew,  Gibbs,  Newman,  1986a). 
Since  only  nitrification was  observed  even  with  continuous  flooding, 
it  was  decided  to  use  only  primary  effluent,  to  enhance  both  the 
organic  carbon  supply  necessary  for  the  heterotrophic denitrifiers and 
also  to  promote  anaerobic  condition  by  providing  a  substrate  with  a 
higher  oxygen  demand  (BOD).  A leak  was,  hORever,  detected in the  valve 
supplying secondary  effluent  to  the  basin,  so  that  primary  effluent  by 
itself  could  not  be  supplied  to  the  basin.  The  basin  Ras  alloRed  to 
dry  meanwhile,  though  with  secondary  effluent continuously  leaking  to 
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the  basin.  Samples  from  boreholes  and  pans  in the  sampling  manhole 
continued  to  be  taken during this period.  Once  the  leak  Ras  repaired 
stage  1  of  basin operation Has  commenced. 
Stage  1  (6  August,  1985  to  16  March,  1986) 
Primary  effluent  Has  applied  to  the  amended  basin  on  a  cycle  of  9  days 
flooding  and  12  days  drying.  The  reasoning  behind  the  use  of  a 
flooding  - drying  regime  rather  than  continuous  flooding  Has  that 
contiuous  flooding  Hith. primary  effluent represented  a  major  leap  from 
continuous  flooding  Hith  secondary  effluent,  and  that  the  intermediate 
step should  be  tested  to  see if  denitrification  could  be  achieved. 
Nine  flooding  cycles  Here  completed  over  a  222  day  period. 
Breakthrough  of  bacteria  Has  Inoticed  in  tHO  observation  bores 
dOHnstream  of  the  basin,  and it Has  decided  to test  Hhether  this  Has 
due  to  the  use  of  primary effluent or  to  previous  accummulation  of 
bacteria in the  soil. 
Stage  2  (17  March,  1986  to  28  July,  1986) 
A mixture  of  1/3  primary  and  2/3  secondary  effluent  Has  used  Hith  a  9 
day  flooding  and  12  day  drying  period.  Bacterial  count  Ras  found  to 
drop  back  to  values  before  the  use  of  primary  effluent in this  period 
(4  flooding  cycles  over  133  days). 
Stage  3  (29  July,  1986  to  23  September,  1986) 
Primary  effluent  Ras  continuously  flooded  over  the  56  day  period  to 
see if denitrification could  be  enhanced  by  both  promoting  anaerobic 
condition  beneath  the  basin  and  supplying  organic  carbon  to 
the  denitrifying bacteria. 
Application rate of  effluent 
During  flooding,  effluent  Ras  applied daily  and  the  application rate 
HBS  estimated  by  noting  the  drop  in the  level  of  the effluent  in  the 
basin.  More  effluent  Ras  then  added  to  make  up  to  the  original  level 
(100  cm),  except  near  the  end  of  the  flooding  period  to  ensure  that 
little or  no  effluent  remained  at  the  commencement  of  a  drying  period. 
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There  Nas  usually  a  decline in the  application rate  over  a  flooding 
period.  The  range  of  application rates is indicated  beloN  for  the  3 
stages of  basin operation  . 
Flooding  Period 
Heasured  application 
rate cm/day 
Sta~ 6.8.85  - 15.8.85  100  - 25 
27.8.85  - 5.9.85  55  - 10 
23.9.85  - 1.10.85  45  - 5 
Longer  drying  period  to  rejuvenate  basin. 
23.10.85  - 30.10.85  70  - 30 
13.11.85  - 22.11.85  65  - 20 
2.12.85  - 11.12.85  80  - 30 
13.1.86  - 22.1.86  60  - 15 
3.2.86  - 12.2.86  60  - 20 
25.2.86  - 5.3.86  60  - 15 
Sta~ 17.3.86  - 25.3.86  60  - 15 
7.4.86  - 16.4.86  60  - 15 
28.4.86  - 5.5.86  60  - 20 
23.6.86  - 2.7.86  40  - 10 
Sta~ 28.7.86  - 19.9.86  35  - 10 
(continuous  flooding) 
Sampling 
Samples  Nere  taken  Neekly  from  the  basin,  pans  located  beneath  the 
basin,  and  from  6  bores  around  the  basin. 
Bore  samples  Nere  taken  by  bailing,  and  from  MaY  1985  Nere  also 
obtained  by  pumping,  taking  a  sample  after flushing  out  two  vol~es of 
water  originally in the  bore.  From  the  point  of  vieR  of  obtaining 
representative  samples,  sampling  by  pumping  Nas  desirable.  For 
bacterial analysis  hONever  cross  - contamination  from  the  pump  and 
hose  Nhen  they  were  tran~ferred from  bore  to  bore  would  render  the 
results meaningless.  It Nas  decided  to  take  samples  before  and  after 
pumping. 
Samples  Here  analysed  for  ammonium-N,  nitrate-N,  phosphate  P  and 
faecal  coliforms  (FC).  Samples  from  the  bores  taken  by  pumping  Nere 
only  analysed  for  the  nutrients. 
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The  methods  of  analyses are  described in previous' reports (loc.cit.) 
RESULTS  AND  DISCUSSION 
Detailed results can  be  found  in Appendices  A to  D for  the  period  July 
1985  and  the  3  stages described in the  experimental  section.  Tables 
A-4  to  D-4  contain annotations  on  the  condition of  the  basin (flooded, 
being dried,  dry  etc).  The  results  are  summarized  in Tables  1  to  4  in 
the  form  of  average  concentrations  for  the  variables  measured  over  the 
respective  periods. 
The  regional  groundwater  flow  at  the  recharge site is  generally  from 
the  east  to  the  west.  Hhen  the  basin is flooded  a  groundwater  mound  is 
! 
created  beneath  the  basin,  and it can  be  expected  that  there is flow 
away  from  this  mound  in all directions superimposed  on  the  regional 
groundwater  flow  . 
B2  can  be  considered  upstream  of  the  recharge  basin.  As  a  control 
observation  well  it  has  always  shown  very  low  concentrations of  all 
the  parameters  measured.  B3,  B1,  B7,  B6  and  B8  can  be  considered  to  be 
downstream  of  the  basin with  a  gradient  away  from  the  basin roughly  in 
the  indicated order.  All  these  bores  were  constructed  to  penetrate  the 
groundwater  to  a  depth of  1m  below  the  estimated  lowest  water  table 
position,  with  the  casing slotted over  the  1m  depth. 
B1  always  gave  higher  concentration  readings  in  nitrate-N  and 
phosphate-P  than  B3  or  B7.  It was  thought  that  pumping  the  well  up 
before  sampling  would  draw  groundwater  around  the  bore  and  would  give 
a  truer  picture  of  the  concentratin  of  water  flowing  past.  The 
difference  between concentrations  of  samples  taken before  pumping  (by 
bailing)  and  after pumping  was,  however,  minimal  (see detailed results 
in the  Appendices).  The  results presented in Tables 
average  of  readings  before  and  after pumping. 
to  4  are  the 
The  difference  between  the  results obtained  and  the  expected  gradient 
can only  be  explained in terms  of  the  limestone  formation  where  the 
aquifer  is  located  with  known  vugs  and  channels,  the  vertical 
concentration gradient  of  an  aquifer recharged  with effluent,  and  the 
effect of  the  preceding  two  factOrs  on  the  effluent  when it mixes  with 
the  surrounding  groundwater. 
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3. 1 
The  ave~age  concent~ation of  B31  B1  and  B7  canl  'hoReve~1  be  taken as 
indicating the  concent~ation  dORnst~eam of  the  basin. 
D~ying out  of  basin (July  85) 
The  basin contained  some  effluent in the  fi~st  tRo  Reeks  of  JulYI  but 
became  fai~ly  d~y in the  last  tRo  Reeksl  any  effluent  Rhich  leaked  to 
the  basin  infilt~ated completely. 
Insufficient amounts  of  liquid  flaRed  into sampling  pans  P1  and  P2  fo~ 
analysisl  except  in  to  P1  du~ing Reek  2  folloRing  heavy  ~ain.  This 
sample  Ras  adequate  only  for.  the  analysis of  Fe l  and  contained  about 
tRo  thi~ds the  Fe  concent~ation of  liquid in the  basin (Table  A4). 
Of  the  sa~pling  pans  that flaRed  (P3  to  P5),  only  P5  gave  positive 
~eadings  fo~  Fe.  Of  all  the  bo~es only  B1  gave  one  positive  ~eading 
out  of  fou~ samples.  The  patte~n is  the~efo~e  simila~  to  the  pe~iod 
p~eceding it (Ma~ch to  June  85),  except  that  the  values  Re~e  lORe~ due 
to  the  lORe~  concent~ation in the  basin. 
The  concent~ation of  nut~ients in the  pans  (P3  to  P5)  and  bo~es  a~e 
ve~y  close  to  the  concent~ation du~ingthe p~eceding  pe~iod  (Ma~ch to 
June  85),  The  ~eason fo~ this is likely to  be  that  Rith  the  almost 
cessation of  flooding  ve~y  little  movement  of  the  g~oundRate~ took 
place,  besides  the  natu~al  ~egional floR  of  the  g~oundRate~,  hence  the 
obse~ved unchanging  concent~ations. 
The  concent~ations of  nut~ients in the  samples  taken  f~om ,the  basin is 
lOR  (Table  1)  as  the  sample  Ras  diluted  by  ~ainRate~.  In all  the  bo~es 
the  ammonium  concent~ation Ras  lOR  but  the  nit~ate  concent~ation  in 
the  bo~es  dOrmst~eam  of  the  basin  Ras  highl  indicating  the 
nit~ification of  ammonium  to  nit~ate beneath the  basin. 
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Table  1.  Results  of  nut~ient and  faecal  colifo~m analYsis  (July  1985). 
*' 
3.2 
D~ying out  of  ~echa~ge basin  . 
Ave~age  concent~ation 
Location  Ammonium-N  Nit~ate-N  Phospho~us-P  Faecal  colifo~m 
( mg/L)  ( mg/L)  ( mg/L)  (Counts/100  mL) 
Basin  I 
0.6  I 
2.0  I 
N.  D.*'  I 
1 . 8  x  10
J 
P3  0.2  7.7  1 . 1  0 
P4  1.9  40  4.0  0 
j 
P5  25  3.7  1 . 3  3 
_. 
B1  0.3  26  3.2  0.5 
B2  0.5  0.3  O.  1  0 
B3  0.2  12  1. 5  0 
B6  0.4  2.7  5.0  0 
B7  O.  4  15  0.5  0 
B8  0.3  13  O.  1  0 
-- ----
not  dete~mined 
Flooding  and  d~ying ~egime Rith  p~ima~y effluent (Stage  1) 
The  p~ima~y effluent contained  a  high  concent~ation of  ammonium,  ve~y 
lOR  nit~ate,  and  ~elatively high  phosphate  and  FC  (Table  2).  The 
o~ganic-C content of  p~ima~y effluent is much  highe~  than  seconda~y 
effluent and it Ras  expected  that  denit~ification Rould  be  imp~oved. 
This  expectation  Ras  bo~ne out  by  the  ~esults of  the  bo~e analyses. 
The  ammonium-N  concent~ation dORnst~eam of  the  basin  Ras  lOR  (less 
than  1  mg/L),  and  the  ave~age  nit~ate-N concent~ation of  B3  and  B1  Ras 
25  mg/L,  Rhile  of  B6  and  B8  Ras  24  mg/L.  Nit~ogen  ~emoval of  about  45% 
had  taken  place  Rith  a  minimum  of  18%  based  on  the  ~esult of  the  RO~st 
situation  (B1).  The  p~ima~y  effluent  Rould  have  contained  some 
o~ganic-N,  and  the~efo~e the  ~emoval  ~ate Rould  have  been  highe~  than 
€stimated  above. 
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Table  2.  Results  of  nutrient  and  faecal  coliform analysia  (Stage 1). 
Flooding  (9d)  and  drying  (12d)  of  basin with  primary  effluent 
(August  85  to  March  86) 
Average  concentration 
Location  Ammonium-N  Nitrate-N  Phosphorus-P  Faecal  coliform 
( mg/L)  ( mg/L)  (mg/L)  (Counts/100  mL) 
Basin  I 
45  I 
0.6  I 
9.4  I 
2.3  x  106 
P1  20  -88  0.8  4.9  x  10
5 
P2  7.6  59  1.6  5. 1  x  102 
I 
P3  2. 2  47  1. 4  1 . 1 
P4  28  15  2. 2  17 
P5  34  5. 8  1.4  2.5  x  10
3 
B1  0.5  37  2.6  149 
B2  0.4  0.4  O.  1  0.02 
B3  0.2  13  1. 9  235 
B6  0.7  30  2.4  1. 2 
B7  0.3  1. 8  O.  2  O.  1 
B8  O.  1  18  O.  1  O.  1 
The  ammonium-N  content  of  samples  P1  to  P5  was  relatively  high 
(average  18  mg/L),  and  suggests that the  adsorption  capacity  of  the 
RMG  fo~ ammonium  was  exceeded  and  that nitrification was  not  complete 
in the  RMG  and  sand  layers.  The  level  of  nit~ates in  P1  to  P5  was  very 
high  (ave~age 43  mg/L),  such that  the  sum  of  ammonium-N  and  nit~ate-N 
exceeds  the  sum  of  ammonium-N  and  nitrate-N for  the  effluent in the 
basin.  Examination of  the  results  shoRn  in  Table  B-2  (Appendix) 
reveals  that  the  high  average  figures  Re~e due  to  the  occurence  of 
nitrate-peaks,  very  high  concentrations  of  nitrate-N  following 
the start of  flooding  of  the  basin.  The  peaks  reached  over  300  mg/L 
nitrate-N (Table  B-2)  and  biased  the  ave~age concentration  up. 
Differences exist betReen  the  behaviour  of  liquid  flow  to  the  sampling 
pans,  resulting in  a  gradient  from  P1  to  P5  contrary  to  expectation of 
a  regular increase  or decrease  in concentration.  The  differences  were 
observed  previously,  and  persisted throughout  the  monitoring  pe~iod, 
and  were  caused  by  different  flow  paths  and  infiltration rates  from 
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the  basin to  the  sampling  pans.  It is likely that  P1,  P4  and 
relatively rapid  liquid floRing  into  them  and  P2' and  P3 
SIOR  floRing  liquid. 
P5  have 
relatively 
By  the  time  the  liquid  reached  the  bores  the  uneveness  had  been 
averaged.  Further nitrification had  taken place  resulting in very  lOR 
ammonium-N  in all  bores. 
Phosphorus  removal  Ras  high (average  84%)  and  higher  than observed  in 
the  previous  stage  (March-June  85).  The  reason for this is likely the 
reduction  in  the  phosphate  in the  sand  beloR  the  basin  being  leached 
by  the  alkalinity  released  by  the  RMG.  The  removal  of  phosphorus  must 
have  taken  place  in the  RMG  as  there  Ras  little further 
phosphorus  concentration  from  the  sampling  pans 
dORnstream  of  the  basin. 
reduction  in 
to  the  bores 
The  use  of  primary  ~ffluent  resulted  in  a  high  degree  of  FC 
breakthrough  in  the  pans  (P1,  P2  and  P5)  and  also  to  a  lesser extent 
in bores  B1  and  B3  at  the  beginning  of  stage  1.  The  high  readings  Rere 
associated  Rith  pan  samples  obtained during  the  flooding  period.  The 
removal  of  FC  generally  improved  Rith  time  (Table  B-4,  Appendix)  and 
in the last 3  months  very little Fe  Ras  detected except  in P1.  It  Ras 
nevertheless  decided  to  change  from  the  use  of  primary  effluent to 
mainly  secondary effluent  to  see if  Fe  counts  in the  bores  could  be 
reduced. 
3.3  Flooding  and  drying  regime  Rith  2/3  secondary  effluent  and  1/3  primary 
effluent (stage  2) 
The  mixture  of  2/3  secondary effluent and  1/3  primary  effluent  still 
had  a  relatively high  ammonium  content  and  a  lOR  nitrate concentration 
(Table  3).  The  phosphate  and  Fe  concentrations  are  comparable  to  the 
primary  effluent  used  in Stage  (ef.  Tables  3  and  2)  though  on  the 
average  the  Fe  concentration  Ras  smaller in Stage  2 . 
There  Ras  a  marked  reduction in  Fe  concentration  Rhen  the  effluent 
reached  the  sampling  pans  and  bores.  Only  P1  had  significant  Fe  counts 
and  the  high counts  Rere  associated  Rith  samples  taken  dur~ng  the 
flooding  periods.  All  other sampling  pans  had  very  lOR  or zero  counts  . 
The  relatively  high  average  count  in  B1  (4.4,Table  3)  Ras  due  to  one 
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single  high  count  (63.5,  Table  C-4)  of  a  sample  taken  after  a  high 
rainfall  event  during  a  drying  period of  the  basin.  The  above  results 
show  that  the  use  of  secondary  effluent decreased  the  FC  count  in the 
sampling  pans  and  bores,  due  to, a  reduction in the  Fe  concentration in 
the  basin.  It seems  likely,  however,  that  over  a  long  period  of 
operation  there  would  be  little difference in the  Fe  counts  whether 
primary  or  secondary  effluent is  used,  because  the  data indicate  that 
Fe  removal  improved  with  time.  The  formation  of  an  organic  mat  in the 
basin could  explain the  improvement  in bacterial  removal. 
Table  3.  Results  of  nutrient  and  faecal  coliform  analysis  (Stage  2). 
Flooding  (9d)  and drying  (12d)  of  basin  with  2/3  secondary 
effluent  and  1/3  primary  effluent (April  to  July  86) 
, 
Average  concentration 
Location  Ammonium-N  Nitrate-N  Phosphorus-P  Faecal  coliform 
( mg/L)  ( mg/L)  (mg/L)  (Counts/100  mL) 
Basin  I 
38  I 
1.1  I 
11  I 
1. 3  x  106 
P1  4.6  64  0.3  4. 7  x  10
3 
P2  1. 2  37  1. 3  0.8 
P3  O.  2  62  1. 6  O.  1 
P4  0.5  31  1.1  0.03 
P5  8.3  33  0.6  0.07 
B1  3.2  33  4.0  4.4 
B2  0.5  0.6  O.  1  0 
B3  0.5  33  0.4  0.8 
B6  14  25  1 . 1  0.2 
B7  0.5  0.2  0.4  O.  1 
B8  1 . 1  15  O.  2  1. 7 . 
The  ammonium  concentration in the  sampling  pans  was  lower  than  in 
Stage  1,  and  the  decrease  was  less than  the  reduction in the  ammonium 
concentration in the  basin.  A possible explanation  for  this  is  the 
lower  build  up  of  organic  slime in the soil in  the  basin  with  the  use 
of  secondary  effluent,  allowing  more  air to  move  into  the  soil  pore 
promoting  nitrification. 
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Nit~ate  peaks  we~e  also  obse~ved  in  samples  collected  f~om the 
sampling  pans  (Table  C-2,  Appendix)  as  was  the  ca~e  du~ing  Stage  1, 
and  p~oduce the  ave~age  concent~ations (Table  3)  that  a~e  highe~ than 
the  time  ave~age  (Ave~aged ove~ a  flooding  d~ying  cycle  ~athe~  than 
based  on  weekly  sampling) . 
The  ave~age  ammonium  concent~ation in  B1  and  especially  B6  was  high 
and is difficult to explain.  Ea~lie~ ~esu1ts (Tables  1  and  2)  fo~  the 
ammonium  concent~ation  we~e  low  and  an  explanation is the  ease  of 
nit~ification of  the  ammonium  (even  unde~ continuous  flooding  of  the 
basin,  cf.  du~ing Ma~ch to  June  85). 
Based  on  the  ~esu1ts of  nit~ogen analyses  fo~ B6  no  nit~ogen ~emova1 
j 
took  place,  whe~eas based  on  the  ave~age of  B1  and  B3  only  8%  nit~ogen 
~emoval  occu~~ed.  The  deg~ee of  denit~ification is consistent  with  the 
use  of  seconda~y effluent,  and  the  10~e~ supply  of  o~ganic-C  . 
The  ~emova1 of  phosphate-P  in the  RMG  continued  to  be  excellent  . 
Rhen  compa~ed to  the  use  of  2/3  seconda~y  effluent  and  1/3  p~ima~y 
ef1uent,  but  with  continuous  flooding  of  the  basin  (Ma~ch to  June 
85),  the~e was  less  ammonium  in P1  to  P5.  This  can  be  explained  by 
nit~ification taking  place  du~ing the  d~ying  pe~iod with  flooding  and 
d~ying.  The~e  was  howeve~,  mo~e  nit~ate  in  P1  to  P5,  and  an 
explanation is  f~om the  enhanced  nit~ification and  the  ~esu1ting peaks 
due  to  the  inte~mittent flooding,  leaching  down  the  nit~ate  f~om the 
nit~ified  ammonium.  No  appa~ent  denit~ification  was  obse~ved when 
employing continuous  flooding  using  the  mainly  seconda~y effluent. 
3.4  Continuous  flooding  with  p~ima~y effluent (Stage  3) 
Continuous  flooding  with  p~ima~y  effluent  was  expected  to  enhance 
nit~ogen ~emova1,  since  denit~ification would  be  inc~eased by  both  a 
high supply  of  o~ganic-C and  the  p~omotion of  anae~obic condition  when 
the soil  was  continuously  wetted. 
The  ~esu1ts  shown  in  Table  4  indicate that  the  deg~ee of  nit~ogen 
~emova1  was  simi1a~ to  Stage  1  and  not  highe~.  A detailed analysis of 
the  ~esu1ts (below)  suggests that besides  in the  1  m  RMG  amended  soil, 
the  flow  Has  unsatu~ated  enabling  oxygen  diffusion  f~om  the 
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su~~ounding a~ea and  p~eventing anae~obic condition  to  develop  ove~ 
the  enti~e floR  path of  the  effluent in the  soil. 
P1  shoRed  a  high  ammonium  concent~ation,  but  the  othe~  sampling  pans 
shoR  ve~y  lOR  ammonium  concent~ation.  These  concent~ations  a~e  lORe~ 
than those  obtained in stage  1  Rith flooding  and  d~ying of  the  basin 
using  p~ima~y  effluent.  The  lORe~  infilt~ation ~ate Rhen  continuous 
flooding  Ras  used  could  explain  the  highe~  deg~ee  of  ammonium 
oxidation  beneath  the  1  m  RMG  amended  sand. 
No  nit~ate  peak  Ras  obse~ved,  as  expected,  because  of  the  continuous 
flooding  of  the  basin.  Evidence  of  denit~ification is indicated  by  the 
~esults  of  nit~ogen  analysis of  samples  f~om  the  sampling  pans 
I 
(ammonium-N  plus  nit~ate-N less then  ammonium-N  plus  nit~ate-N in the 
basin). 
Table  4.  Results  of  nut~ient  and  faecal  colifo~m  analysis (Stage  3). 
Continuous  flooding  of  basin  Rith  p~ima~y  effluent 
(August  to  Septembe~ B6). 
Ave~age  concent~ation 
Location  Ammonium-N  Hit~ate-H  Phospho~us-P  Faecal  colifo~m 
( mg/L)  ( mglL)  ( mg/L)  (Counts/100  mL) 
Basin  I 
42  I 
0.5  I 
10  I 
4.B  x  10
6 
P1  17  12  0.4  5. 1  x  10
3 
P2  0.5  10  1. 3  O.  1 
P3  0.4  14  1. 5  0 
P4  0.4  26  1. 3  0.3 
P5  0.2  33  1. 3  O.  1 
B1  2. 4  23  4.5  157 
B2  O.  4  0.3  O.  1  0 
B3  0.5  29  0.4  13 
B6  12  23  1. 5  0.4 
B7  1 . 1  0.7  O.  1  0 
BB  0.2  17  0.6  0 
No  fu~the~ denit~ification appea~ed to  take  place  betReen  the  sampling 
pans  and  the  bo~es. 
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4. 
The  concentration  of  ammonium-N  in  B1  and  B6  Has  still declining at 
the  end  of  the  monitoring  period (Table  0-1,  App~ndix)  and  a  steady 
state situation might  not  have  been  reached. 
The  phosphorus  removal  indicated  by  the  sampling  pans  Has still 
excellent (average  over  85%).  Samples  from  B1  had  indicated  higher 
phosphate-P  concentration  than  in  the  sampling  pans  in this  and 
previous stage  (Table  3),  and  is difficult to  explain,  unless  there 
Has  leaching  of  phosphorus  from  the soil  betHeen  the  pans  and  B1, 
Hhich is rather unlikely.  A  more  likely explanation is channelling to 
B1. 
The  removal  of  Fe  Has  almost  as  good  as  in Stage  2,  and  better  than 
the  average  removal  in stage  1,  Hhen  primary  effluent  Has  used  in  a 
flooding  drying  regime. 
P1  contained  a  high  Fe  content  (Table  4),  but  there  had  been  a 
thousand  fold  reduction  betHeen  the  basin  and  P1.  Very  little Fe 
reached  P2  to  P5. 
B1  and  B3  had  relatively  high  average  Fe  counts  (Table  4)  due  to  one 
high  Fe  in each case  amongst  other nil  counts  (Table  0-4,  Appendix) . 
In  the  case  of  B1  it occurred at the  beginning of  the  stage,  and  did 
not  recur.  Hith  B3  it occurred  during  Heek  5  of  the  stage,  and  appears 
to  be  an isolated breakthorugh of  Fe.  It is likely  based  on  these  and 
other  observations  discussed  in  previous  sections  that  isolated 
breakthroughs could  be  expected, ,but  that in general  even  Hith  the  use 
of  primary  effluent soil filtration Hould  remove  most  of  Fe  during  a 
long  regular operation of  a  recharge  basin  . 
GENERAL  DISCUSSION  AND  CONCLUSIONS 
The  general  aim  of  the  project  Has  to  ShOH  that  amending  the  sand  at 
the  KHinana  recharge  site  Hith  RMG  Hould  improve  the  removal  of 
bacteria and  nutrients  from  the  effluent.  Bacteria  removal  should  be 
improved  by  filtration,  die-off  and  adsorption,  phosphorus  removal  by 
adsorption  and  nitrogen  removal  by  nitrification-denitrification. 
4.1  Fe  Removal 
Faecal  coliform  removal  in the  amended  sand  Has  generally  much  better 
than  removal  in  unamended  sands.  Only  at the  initial  period  of  stage  1 
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Ras  there significant breakthrough,  but  decreased  drastically  as  the 
flooding  drying cycles  progressed. 
The  field  monitoring  results paralled  the  results of  the  laboratory 
study,  Rhich  sho~ that bacteria and  viruses  are  better removed  in  RHG 
amended  sands  because  of  the  increased  die-off  due  to  lORer 
infiltration rates,  but  that filtration (straining)  and  adsorption are 
also operative  (Ho,  Gibbs,  HatheR,  NeRman,  1987). 
4. 2  Phosphorus  removal 
4.3 
Phosphorus  removal  Ras  excellent over  the  period  of  the  present  18 
months  monitoring  programme,.  and  Ras  expeced  based  on  laboratory  batch 
and  column  tests (Ho,  MatheH,  Gibbs,  NeHman  1986b).  Phosphate-P  is 
removed  by  adsorption to  RMG.  Though  the  adsorption  capacity  of  the 
RHG  Rill  eventually  be  exhausted,  this Hill  still  be  a  feR  more 
years at the  KRinana  Recharge  Site. 
Nitrogen  removal 
The  best  nitrogen removal  rate of  about  40%  obtained  in  the  current 
programme  Ras  during Stage  1  Hith  primary  effluent  using  a  flooding 
and  drying  regime.  Continuous  flooding  using  primary  effluent did  not 
improve  denitrification (Stage  3). 
In  nitrogen  removal  by  bacteria~ nitrification and  denitrification, 
adsorption of  ammonium  onto  the  RMG  during  a  flooding  period  is 
folloRed  by  nitrification of  adsorbed  ammonium  to  nitrate.  The  nitrate 
is denitrified in  a  subsequent  flooding  period,  accompanied  by  removal 
of  ammonium  from  the  effluent  by  adsorption  to  the  RMG. 
It appears  that at the  recharge site the  above  processes  take  place  in 
the  m  of  sand  amended  by  RMG.  In the  sand  beloH  the  RMG  amendment 
unsaturated  floR  occurs  and  air could  diffuse  resulting  in  further 
nitrification.  No  further denitrification  hOHever  takes  place  because 
of  the  oxidative  condition  and  lack of  organic-C.  This  hypothesis 
appears  to  be  able  to  explain the  nitrogen  removal  results  obtained 
thus  far. 
Other  explanations  are,  hORever,  possible,  since  the  baseline  study 
in  1983  (before  the  basin  Has  amended  by  RHG)  did  not  include  the  use 
of  primary  effluent. 
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5. 
A higher degree  of  nitrogen  removal  appears  to  be  achievable  by 
optimizing  the  lengths  of  the  flooding  and  drying  periods.  Based  on 
the  results obtained  thus  far shorter flooding  and  drying  periods (let 
us  say  1  Neek  flooding,  1  Neek  drying)  should  be  tried,  to  reduce  the 
nitrate  peaks.  Controlled  addition  of  the  primary  effluent in the 
first  feN  days  could  also  help  in  reducing  the  nitrate  peaks  and 
alloNing  the  nitrate to  stay  longer in the  1  m amended  sand  zone. 
The  results  of  the  present  monitoring  programme  confirm  our  earlier 
modelling  Nork  that  the  recharge  system  responds  sluggishly  to  changes 
in  operating  conditions.  ,In  addition to  the  reasons  associated  Nith 
effluent-soil  interactions  and  the  adjustments  required  of  nitrifying 
and  denitrifying  bacteria  to  neR  conditions,  the  inventory  of 
groundRater  beneath  the  basin  means  that changes  in  effluent  quality 
reaching  the  groundRater are  attenuated  and  true  steady  state 
conditions at the  monitoring  bores  take  time  to  be  reached  . 
RECOMMENDATION 
Based  on  the  encouraging results obtained  using  primary effluent  in 
achieving  FC  and  P  removal,  and  up  to  40%  N  removal,  Ne  recommend  that 
the  recharge  experiment  at  the  KNinana  GroundRater  Recharge  Site  be 
continued.  Optimization 
drying  periods  is  the 
programme  . 
of  N  removal  by  varying  the  flooding  and 
next  logical  step  in  the  investigation 
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Ammonium-N  results for Stage  2  39-41 
Nitrate-N results for  Stage  2  42-44 
Phosphate-P  results for Stage  2  45-47 
Faecal  coliform  results for  Stage  2  48 
Ammonium-N  results for  Stage  3  49 
Nitrate-N results for Stage  3  50 
Phosphate-P  results for  Stage  3  51 
Faecal  coliform  results for Stage  3  52 
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Table  A-1:  Ammonium-N  - July  1985 
DATE  2  9 
SAMPLE 
Before  Pumping 
B1  0.00  0.41 
B2  0.33  0.66 
B3  O.  12  0.33 
B6  0.16  0.41 
B7  0.29  0.58 
B8  0.00  0.25 
Eff'l uent  0.61 
P1 
P2 
P3  0.24 
P4  2.47  2. 2 
P5  29.1  28. 2 
After  pumping 
B1  0.0  0.33 
B2  O.  41  0.41 
B3  0.00  0.25 
B6  0.00  0.33 
B7  0.00  0.41 
B8  0.00  0.25 
Effluent 
~ 
16  23  30  AVERAGE 
J 
I 
I 
0.25  0.25  0.2 
0.41  O.  5 
0.25  0.25  0.2 
0.33  1. 24  0.5 
0.41  0.33  O.  4 
0.25  0.25  0.3 
!  I 
0.6  i 
I 
I 
I 
0.2 
! 
0.9  1. 9 
18. 1  22.6  25 
6.25  O.  25  0.33  0.3 
0.49  0.49  0.49  0.5 
0.25  0.25  0.25  O.  2 
0.33  O.  33  0.33  0.3 
0.82  0.41  0.33  O.  4 
0.25  0.25  0.25  O.  2 
~- ~- -
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Table  A-2:  Nitrate-N  - July  1985 
DATE  2  9  16  23  30  AVERAGE 
SAMPLE 
, 
: 
Before  Pumping 
B1  20. 2  2B.5  27.7  30.2  27 
B2  0.17  Trace  1. 38  0.43  0.5 
B3  11. 6  9.66  10.(}  13. 0  11  i 
I 
B6  1.76  B.88  1. 76  1. 5 
B7  0.66  2.42  O.  11  0.77  1. 0 
B8  10.5  10. 5  12. 3  12. 3  11 
! 
i  Effluent  1.98  2.0 
I 
P1 
P2 
P3  4.2  11 . 1  7.7  ! 
P4  15.6  24.3  3.15  115  40 
P5  5.5  2.31  5.04  2. 1  3.7 
After  pumping 
B1  24.6  18.4  29.4  31.9  21.8  25 
B2  0.16  0.42  0.10  0.13  0.2 
B3  13.2  10.7  9.66  16. 1  12 
B6  4.18  3.85  4.18  2.64  4.84  3.9 
B7  6.38  2.42  5.17  5.5  10. 1  29 
B8  15.4  8.82  9.66  10.0  28.5  14 
Effluent 
--_.- ~---
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Table  A-3:  Phosphate-'P  - July  1985 
DATE  9  16 
'SAHPLE 
Before  Pumping 
B1  3.90  3.45 
B2  0.20  0.10 
B3  2.00  1. 85 
B6  6.80  2.30 
B7  0.35  0.35 
B8  0.12  0.08 
Effluent 
P1 
P2 
P3  1. 10 
P4  4.85 
P5  1. 16 
After  pumping 
B1  7.00  4.05 
B2  0.07 
B3  1.60  1.35 
B6  8. 20  2.10 
B7  O.  30  0.45 
B8  0.15  O.  12 
Effluent 
I 
23 
I 
30 
I 
AVERAGE 
0.70  2. 7 
0.05  O.  1 
0.90  1.6 
6.55  5.2 
0.35  0.4 
0.05  O.  1 
j 
1.1 
3. 15  4.0 
1.45  1.3 
0.75  2.60  3.6 
0.05  0.12  O.  1 
1 . 15  1 . 4 
3.75  5.00  4.8 
0.55  1 . 15  0.6 
0.20  0.10  O.  1 
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Table  A-4:  Faecal  colifo~m - June/July  1985 
DATE  26  June  3  July  10  July  17  July  AVERAGE 
SAMPLE  ! 
i 
Befo~e  Pumping 
B1  0  2  0  0  0.5 
B2  0  0  0  0  0 
B3  0  0  0  0  0 
B6  0  0  0  0  0 
B7  0  0  0  0  0 
B8  0  0  0  0  0 
Effluent  5.25x  102  3. 1  x  103}  1.8  X  103 , 
P1  2. 1  x  103  2. 1  x  103 
P2 
P3  0  0  0  0  1 
1 
P4  0  0  0  0  0 
P5  4.5  4.5  4  0  3 
i 
COMMENT  Heavy  Basin  \Basin  d~y 
i 
rain  ove~ comPletelf 
last feR  d~ied out 
days 
I 
I 
-26-- ., 
Table  B-1 ( a) : 
•  r 
SAMPLE 
No. 
,efore  pumping 
•  , • 
'  .•.. ' 
•  •  • 
... 
B1 
B2 
B3 
B6 
B7 
B8 
Effluent 
P1 
P2 
P3 
P4 
P5 
After  pumping 
B1 
B2 
B3 
B6 
B7 
B8 
Effluent 
Ammonium-N  - August  to  September  1985 
AUGUST 
3  6  13  20  27 
0.41  0.25  0.25 
O.  41  1.32  0.66 
0.33  0.25  0.25 
0.66  0.49  O.  33 
0.25  0.49 
0.25  O.  25 
i 
25. 4  25.3 
10.7  0.82 
36. 2  38.0 
51. 6  43.4 
0.12  0.16  0.08  0.08  0.25 
0.28  0.49  0.33  0.41  O.  41 
O.  16  0.25  0.08  0.08  0.25 
0.08  O.  33  0.08  0.24  0.33 
0.24  O.  41  0.24  0.08  O.  58 
0.08  0.25  O.  01  0.08  0.25 
51. 6  29.8  57.0 
-27-
SEPTEMBER 
3  10  17  19  24  29 
0.41  O.  25  0.25  O.  08  O.  25  O.  08 
0.66  0.58  0.49  0.24  O.  58  0.33 
0.25  0.25  0.25  0.08  0.25  0.08 
O.  33  O.  33  O.  33  O.  08  O.  33  O.  08 
0.25  0.25  0.41  O.  16  0.25  0.08 
O.  25  0.25  0.08  0.25  0.08 
13.5  11. 7  38.9 
34.4  28.0 
27.1  0.82  0.82  14.8  20.8 
29.8  3.62  0.82  0.16  0.82 
42. 5  43.4  48.0  38.0  43.4 
44.3  43.4  46.2  40.5  62.5 
0.16  0.33  0.08  0.25  0.16  0.08 
O.  49  0.49  O.  24  3. 87  O.  49  0.41 
0.25  0.25  0.08  0.25  0.25  0.08 
0.33  0.25  0.16  0.25  0.33  0.08 
O.  33  O.  33  O.  24  O.  33  O.  41  0.24 
0.25  0.25  0.08  O.  25  0.25  0.08 
36.2  11 . 7  11. 7  11. 3  27. 1  41.6 r 
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Table  B-1(b):  Ammonium-N  - October  to  November  1985 
SAMPLE  OCTOBER 
No.  2  8  10  15  22 
Before  pumping 
B1  O.  16  0.16  0.00  0.08 
B2  0.16  O.  41  0.32  O.  32 
B3  0.08  O.  16  0.65  O.  16 
B6  0.24  0.24  0.24  0.16 
B7  0.32  0.08  0.16  0.08 
B8  0.08  0.08  0.08  0.08 
Effluent  5.44  13. 5 
P1  31. 7  37.1 
P2  16. 3  0.9 
P3  0.9  0.9  0.9 
P4  45. 2  42. 5  36. 2  15.4 
P5  43.4  52.5  49.8  55.2 
After  pumping 
B1  0.08  0.08  1.24 
B2  0.33  0.32  0.24  0.32  0.32 
B3  0.08  0.08  0.33 
B6  0.08  O.  16  0.08 
B7  0.24  0.24  0.24 
B8  0.08  0.08  0.08  0.08 
Effluent  2. 72  12.6  58.8 
-28--: 
NOVEMBER 
29  5  12  19  26 
0.08  0.08  O.  16  0.08  O.  16 
0.24  O.  24  0.33  0.24  O.  41 
0.08  0.08  0.16  0.08  O.  16 
O.  16  0.08  0.16  0.24  O.  16 
0.16  0.08  0.16  0.33  0.24 
0.08  0.08  O.  16  0.08  0.24 
45.2  61. 6 
4.94  23. 5  -
2.47  0.82 
0.82  0.82  0.08  0.82  0.82 
13. 5  19. 0  14.8  21. 2  13.5 
27.1  19.0  13.8  12.6  18.2 
0.08  0.08  0.33  O.  16 
O.  33  0.24  0.16  0.33 
0.08  0.08  0.08  0.33 
0.08  0.08  0.08  0.08  I 
O.  16  0.16  0.24  0.24 
0.08  0.08  0.08  0.08 
63.4 I 
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Table  B-1(c):  Ammonium-N  - December  19S5  to  January  19S6 
! 
SAMPLE  DECEMBER  JANUARY  I 
I 
No.  3  10  17  23  S  14  21  2S  I 
I 
Before  pumping 
I 
B1  O.OS  O.OS  O.OS  0.41  O.OS  Trace  0.24  I 
B2  0.16  0.16  0.24  0.16  0.16  O.OS  0.24  I 
B3  O.OS  O.OS  O.  OS  O.OS  Trace  O.  16  ! 
! 
B6  O.OS  0.16 .  0.16  0.24  0.33  O.  49  O.  49 
B7  O.  24  0.33  0.33  0.45  0.41  O.  41  0.41 
BS  O.OS  O.OS  O.jos  O.OS  O.OS  O.OS  O.  16  , 
Effluent  51. 6  5S.S  S4. 3  117 
P1  3. 29  40. 7  0.16  11. S  7. 41 
P2  0.S4  0.S2  0.99  O.  OS  4.94 
P3  0.S4  O.  S2  O.OS  0.16  O.OS  O.  16  0.16 
P4  9.96  4.53  7. 91  19.2  17.2  31. 1  47. 1 
P5  32.6  5.44  10.3  23.2  36.5  3S. 5 
After  pumping 
B1  O.OS  1.32  0.41  0.33  0.24  0.24  0.24 
B2  0.33  0.33  0.33  0.24  O.  33  0.33  0.24 
B3  0.16  0.33  Trace  0.16  O.OS  O.OS  O.  OS 
B6  O.OS  0.08  Trace  O.OS  0.33  0.33  O.  41 
B7  0.24  0.24  O.  24  O.  16  0.24  0.24  0.33 
BS  O.OS  0.01  Trace  O.OS  O.OS  O.OS 
Effluent  42. S  115  121 
---
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Table  B-1(d):  Ammonium-N  - February  1986  to  March  1986 
SAMPLE  FEBRUARY  MARCH 
No.  5  1'1  18  25  5  11 
Before  pumping 
B1  0.08  1.72  0.74  0.82  5.02 
B2  0.16  0.24  0.24  0.24 
B3  0.08  O.  24  O.  16  0.16 
B6  0.82  2.64  O.  41  6.75 
B7  O.  41  0.41  O.  41  0.49 
B8  0.08  O.  16  i  0.16  O.  16 
Effluent  39.8 
P1  23.7  31. 6  O.  16 
P2  Trace  0.08  0.16 
P3  0.16  0.08  0.16 
P4  43. 9  18. 7  12. 3  5.93 
P5  45.4  18.7  26.44  29.1 
After  pumping 
B1  0.16  O.  82  1. 56  2.96  5.02 
B2  0.33  0.33  O.  24  O.  33  O.  33 
B3  O.  16  0.33  0.08  0.08  0.08 
B6  O.  91  1. 23  2. 39  5.33  6. 30 
B7  0.41  0.41  0.24  0.24  O.  33 
B8  0.08  0.16  Trace  0.08  0.08 
Effluent  50. 7 
-30-
AVERAGE 
AUG  85-MAR  86 
0.4 
O.  4 
0.2 
0.6 
0.3 
O.  1 
45 
20 
7.6 
2. 2 
28 
34 
0.6 
0.4 
0.2 
0.7 
0.3 
O.  1 
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Table  B-2(a):  Nitrate  N - August  to  September  1985 
SAMPLE  AUGUST  SEPTEMBER 
No.  6  13  20  27  3  10  17  19  24 
Before  pumping 
B1  22.8  28.5  24.7  33. 1  26.8 
B2  0.08  Trace  Trace  0.12  0.04 
B3  2.94 '  2. 31  3.36  2. 73  1. 92 
B6  7.98  10.08  11. 1  9.24  10.0 
B7  0.04  O.  28  0.48  Trace  0.27 
B8  j15.3  16.8  13.8  13. 8 
Effluent  0.06  0.02  Trace 
P1  Trace  0.41 -
P2  22.2  30.0  14.7  32. 1  0.99 
P3  50.4  66.9  14.7  50.8  15.0  36.5 
P4  0.04  0.68  Trace  Trace  Trace  0.10 
P5  Trace  Trace  Trace  Trace  Trace  Trace 
After  pumping 
B1  24.3  21.8  27.3  26.4  18. 2  30.2  31. 0  31. 5 
B2  0.12  0.04  0.06  Trace  Trace  Trace  0.03  Trace 
B3  15.3  7.35  1. 47  3.36  2. 1  2.52  3.36  1.90 
B6  3.74  5.88  6.72  13. 8  10. 2  13.0  10. 5  11 . 1 
B7  4.62  0.64  0.46  3.60  1. 56  2. 10  0.89  0.66 
B8  17. 2  14.7  12. 1  11. 7  14.7  13. 0  12.6 
Effluent  2.28  0.03  O.  12  Trace  0.04  1. 67 
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Table  B-2(b):  Nitrate-N  - October  to  November  1985 
SAMPLE  OCTOBER 
No.  2  8  15  22  29 
Before  pumping 
B1  37.8  22.6  23.5  29.8 
B2  0'.16  Trace  Trace  0.04  0.12 
B3  2. 31  0.48  0.09  O.  18 
B6  20. 1  15.9  17.6  20. 1  28. 1 
B7  Trace  0.2  0.24  O.  22  0.16 
B8  13.8  14.4  16.8  20.5  19.7 
Effl  uent  2.00  2.42  O.  30 
P1  Trace  21  0.10 
P2  15. 5  26.6  108 
P3  28.9  53.7  30.2  31. 5 
P4  Trace  Trace  11 . 1  80.8  0.16 
P5  Trace  Trace  0.22  1. 46 
After  pumping 
B1  19. 9  36.9 
B2  Trace  O.  11  O.  13  0.05 
B3  1. 39  0.48 
B6  11 . 5  13. 8 
B7  O.  21  O.  64 
B8  15. 2  17. 6  17.6 
Effluent  3.48  0.76 
-32-
NOVEMBER 
5  12  19  26 
106  84  39.0  60.0 
0.04  0.14  O.  12  O.  11 
O.  11  0.04  Trace  0.05 
120  35. 2  24.7  18.·4 
0.09  0.28  Trace  2.94 
21.0  18. 6  16. 8  18.0 
Trace 
78.5 
36.9 
7.14  5.67  32.3  110 
1.26  8.61  0.1935.9 
Trace  Trace  Trace  0.03 
32.5  49.1  51. 6  38.2 
6.23  O.  16  O.  50  O.  12 
1. 48  0.17  O.  41 
34.6  32.1  25.6  19. 9 
2. 10  3.30  1. 71  3.36 
15. 1  13. 2  13. 0  13. 8 
0.02 
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Table  8-2(c):  Nit~ate-N - Decembe~ 1985  to  Janua~y 1986 
SAMPLE  DECEMBER  JANUARY 
No.  3  10  17  23  8  14  21 
Befo~e pumping 
B1  23.5  69.3  61. 3  66.3  28.5 
B2  O.  21  0.23  O.  29  0.28  0.90 
B3  O.  21  13. 0  22.8  24. 7  32.9 
B6  21. 8  64.6  18.0  23. 7  42.8 
B7  0.05  T~ace  0.00  0.00  0.02 
B8  14.7  16.8  24.7  25.8  26.2 
Effluent  T~ace  T~ace 
.' 
0  T~ace 
P1  138  5.04  296  O.  36 
P2  217  0.05  4. 41  3. 36  0.60 
P3  133  0.43  13. 4  2.73  4.20  9.24 
P4  173  T~ace  4.62  2.94  1. 62  T~ace 
P5  110  T~ace  0.00  0.08  0.00  T~ace 
Afte~ pumping 
B1  52.9  51. 6  26.8  26.0  50.8  39.0 
B2  0.47  0.23  0.34  O.  31  0.9  O.  32 
83  1. 13  14. 4  31.9  30.6  23. 7  27.7 
86  20.5  16.3  21.0  17. 6  23. 1  42.4 
B7  1. 56  2.73  2.64  7.38  O.  86  5.46 
B8  11. 9  15. 3  16.8  21.0  20.5 
Effluent  0.08  0.04  0.05 
-33- . 
28 
7.77 
1. 43 
28.9 
50.4 
0.06 
13. 6 
25.6 
T~ace 
0.04 
31. 9 
0.28 
27.7 
42.0 
0.00 
19. 1 I 
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Table  B-2(d):  Nit~ate-N - Feb~ua~y to  Ma~ch 1986 
SAHPLE  FEBRUARY  MARCH 
No.  4  11  18  26  5  11 
Befo~e pumping 
B1  15. 1  32.7  27.7  50.0  7.89 
B2  O.  55  0.76  1. 67  1. 98  0.42 
B3  29.4  30. 4  28.9  30.4  31. 9 
B6  83. 1  49, 5  68.0  47.8 
B7  T~ace  T~ace  T~ace  T~ace 
B8  27.7  25. 8  '22.2  19. 1 
Eff'l uent  0.16 
P1  325  274  7.98 
P2  254  3.48  11 . 9  326 
P3  73. 9  32.5  1. 68  282 
P4  27.7  0.50  30.2  18.9 
P5  27.7  T~ace  6.3  O.  02 
Afte~ pumping 
B1  12. 1  11. 7  36.9  21.8  75.4  81. 4 
B2  0.28  0.99  0.78  O.  78  0.92  1. 03 
B3  7.94  21. 8  15. 1  14. 7  62.1  27.3 
B6  49.5  54.6  35. 2  26.0  53.7  50.4 
B7  T~ace  2.00  3.84  3.60  33.6  1. 38 
B8  21. 6  15. 9  18.9  14.7  18.9  18.6 
Effluent  0.57  0.54 
---
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AVERAGE 
AUG  85-HAR  86 
39 
0.4 
12 
34 
O.  2 
19 
0.4 
88 
59 
47 
15 
5.8 
35 
O.  3 
13 
25 
3.4 
16 
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Table  B-3(a):  Phosphate  P  - August  to  September  1985 
SAHPLE  AUGUST 
No.  6  13  20  27  3 
Before  pumping 
B1  1.60  1.90 
B2  0.25  0.07 
B3  O.  95  0.95 
B6  3.80  3. 85 
B7  0.75  0.10 
B8  0.10  0.15 
Effluent 
P1  3.25 
P2  2.45  2.95  4. 15 
P3  1.45  1.90  2.40 
P4  2.75  2. 15  4.60 
P5  2.17  2.90  2.50 
After  pumping 
B1  3. 70  1.30  2.65  3.40  3.35 
B2  0.08  0.10  0.30  O.  12  0.30 
B3  0.95  0.83  1. 05  0.95  O.  95 
B6  3.45  3.70  4.45  3.00  4. 5 
B7  0.7  0.17  0.25  0.12 
B8  0.14  0.25  O.  12  0.15  0.07 
Effluent  9.25  8.25  11. 7 
-.35-
SEPTEMBER  i 
I 
10  17  19  24 
I 
2. 20  3. 10  3. 40 
0.05  0.05  0.15  ! 
1.30  0.85  2.95 
3.90  4.65  3.65 
O.  15  0.20  0.12 
0.12  0.15 
10. 5  12.0  14.7 
1. 65  0~95 
1.65  1. 25 
1.20  1.60  1. 95 
5.40  2.35  0.80 
2.40  0.55  0.20  I 
1. 80  2. 15  2.50 
0.07  0.12  0.20 
0.85  O.  85  0.90 
2.80  4.60  3. 25 
0.60  0.27  O.  12 
0.12  0.07  0.10 
12. 2  9.25  10.7 I  '" 
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Table  B-3(b):  Phosphate-P  - Octobe~ to  Decembe~ 1985 
SAMPLE  OCTOBER  NOVEMBER 
No.  22  5  12  19  26 
Befo~e pumping 
B1  4.60  5.85  2. 85  1. 50  1.65 
B2  O.  15  0.03  O.  13  O.  10  0.05 
B3  0.60  0.90  O.  92  1. 15  0.98 
B6  3. 15  2.40  2.00  2. 45  2.20 
B7  0.05  0.08  0.05  0.05  0.00 
B8  0.03  0.10  0.05  10.2  0.00 
Effluent 
P1  O.  12 
P2  0.75 
P3  1.50  1.65  1. 55  1.55 
P4  8.33  1.45  1.35  1.70  1. 15 
P5  6.47  0.50  O.  40  1.75  1.80 
Afte~ pumping 
B1  2.05  1 . 15  2.40  2.80 
B2  0.03  0.03  0.03  0.05 
B3  1. 05  1.05  1. 15  1. 30 
B6  1. 80  2. 25  1. 95  1.90 
B7  O.  40  0.35  0.20  O.  15 
B8  O.  15  0.10  O.  10  0.08 
Effluent  9.75 
_  .. 
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DECEMBER 
3  10  17  23 
1. 25  0.95  2.25 
0.05  0.00  0 
0.70  0.65  3.0 
1. 70  1. 00  2. 85 
0.00  O.  10  O.  5 
0  0  0 
3. 3  3.6 
0.15  0.15 
-
0.60  0.95 
1. 10  0.90  1.2 
0.75  1.00  1 . 9 
0.10  0.30  O.  4 
1.90  3.9  0.45  0.65 
1.05  0.05  0  O.  20 
0.90  0.70  0.9  0.60 
1. 45  2.00  2.  15  2.0 
0.10  0.10  O.  10  0.45 
0.05  0.05  0.05 
3. 2 I, 
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Table  B-3(c):  Phosphate-P  - February  to  March  1986 
SAMPLE  FEBRUARY  MARCH 
No .  4  11  18  26  5  11 
Before  pumping 
B1  1. 53  1.72  3. 15  3.45 
B2  0.05  0.05  0.05  O.  20 
B3  0.45  0.40  0.40  0.40 
B6  1. 35  1, 20  O.  12  1. 20 
B7  0.05  0.20  0.00  0.05 
B8  0.12  0.10  / O.  05  0.10 
Effluent  9. 25  10. 5 
Pi  0.12  1. 45  0.05  O.  15 
P2  0.80  1. 30  0.30 
P3  1.53  1.45  1. 75  0.80 
P4  0.75  1. 57  1. 10  1.20 
P5  0.40  1.35  1. 10  0.15 
After  pumping 
B1  4.10  2.75  4.10  4.40  2.9 
B2  0.05  0.25  0.12  0.05  0.05  0.12 
B3  0.40  0.25  O.  25  0.25  0.30  0.35 
B6  1.40  1. 40  1.20  1. 20  1.65  1 . 10 
B7  0.05  0.10  0.20  0.30  O.  20  0.20 
B8  0.10  O.  12  0.10  0.20  0.20  0.15 
Effluent  10.0 
-37- , 
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AVERAGE 
AUG  85-MAR  86 
2. 5 
O.  1 
0.9 
2.4 
O.  1 
O.  1 
9.3 
0.8 
1. 6 
1. 4 
2. 2 
1.4 
2.6 
O.  1 
0.8 
2.4 
0.3 
O.  1 
9.4 I 
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Table  B-( 
K.HINANl  RESULTS  6/8/85  - 6/3/86  FLOODInG  DRYING  KITIt  PRrHARI  EFFLUENT 
FAECAL  COLIFORHS/100  _L  FAECAL  COLIFORHS/100  at 
OnE 
EFFLUENT I PAIi  1 I  PAN  2  I  PAN  3  I  PAN" I  PAN  5  BORE  1 I BOR~ 2  I BORE  3  I BORE  6  I  BORE  1  I BORE  e 
6/8/85  Flooding  3.2IXIo'11.<5XIo'19.091XIO/  ,.51  260  1"15XIo'1 2592 1  0  1
3
.5 1  0  I  0  I  0  .  of  basin  with  IO. 
Brl'ludlll,  CO'UHlnCllll 
lillill  Reavy  .  - I  - I  3.5  I  0  I  0  I ,050  I '0  I  0  I  0.5  I  0  I  0  I  0  rainfalling.  BaSl.n 
nearly  dry. 
llL.U!i  /  - /  - /  2.5  /  0  /  3  /  II  00  /  0  /  0  /  0  /  0  /  I  /  0  Lagoon  dry. 
~  19  x,o'I'8.5x,0'1  22.51  0.5  I  69.5  I  1050  I  2  I  0  I  5(00  I  0  I  0  I  0  Floodl.ng  0('  lagoon 
l'eCOlfllllenced. 
llillll  .  /  2\50  I - I  0 I  0 I 0.5  I  69.5  I 335  I  2  I  0  I  5<00  I  0 I  0  Lagoon  drYl.ng  out  -
1  foot  deep  . 
illUll  Lagoon  I  1140  I .  - I  0  I  0  I  I  I  89  I  123  I  0  /  0  /  0  I  0  I  0  still not  completely 
dried  out. 
s~~l:/::t ~:~~on  /  me  /6"8XIO'/  5  /  2.5  /  1.5  /  111  /  '5  /  0  /  0  /  0  /  0  /  0 
Wlill  I  595  1
6
.
5 
xl 0' I '.5  I  0  / i  3.5  I  31.5  I  12  I  0  I  0  I  I. 5 I  0  I  0  Floodlng of  lagoon 
recommenced  25/9. 
Ullill  15.,  XIO'/  27(.5/  0  /  0  /  3  /  tl.5  /  8  /  0  /  0  /  0  /  0  /  0 
Basln  nearly  dry, 
~  Basin  I - I  ~  I - I  0  I  0  I  6  I I. 5 I  0 I  0  I  I  I  0  I  0  completely  dry. 
Bore  2  lid orr.  . 
23/10/85  I  I  I  I  I  I  I  I  I  I  I  I 
Flooding  or  lagoon  <  Contamination  or 'all  plates  ) 
Commenced.  I  I  I  I  I  I  I  I  I  I  I  . 
lQillill  1'·296x'~'11.188x,ol  90  1'9  1  21  1  5  1  1.5'  0  1  0  1  I  1  0  ,  0 
Lagoon  {'loaded  . 
/  - /  - I  - I  0  /  2  I  I  /  (  I  I  eont'"ination  I 
)  5/11/85 
Pan  Dry.  I 
.L1.W.L!!J!  1'1\11  IlI-y,  I 
1  1  1  1  1  1  1  1  1  1  1 
(  Contamination  oC'  all  plates  ) 
Flooding  Recommenced
l  1  1  1  1  1  1  1  1  ·1  1  1 
~  Lagoon  /5  xl 0'/2.5  x, 0' /  2.5  /  0  /  3.5  /  I. 3  xl 0' /  0  /  0  /  0  /  I  /  0  I  0 
stl.U  flooded.  . 
27/11/85  /  _  /  _  /  - /  0  /  0  /  5  /  7.5  /  0  I  0  /  I  /  0  /  0 
Lagoon  Dry. 
~  Flooding  /1.15  Xlol65XlO'1  6.51  0  128.5/2.9 XIO'!  112.5!  0  I  o.!  0  I  0  I  0 
or  lagoon  cOlbmenced 
Honday  2/12.  ~ 
llillill  Lagoon  /6.2  XIO'11.05X'O'/  5.5  /  0  /  0  /  500  /  101  /  0  I  0  /  0  /  0  I  0 
stlll  rlooded. 
11/12/85  /  _ I  - /  - I  0  /  2.5  /  2  I  4(  I  0  /  0  /  0  I  0  I  0 
Lagoon  dry. 
Will S.all ••  ountl  - I  51  0  I  0  I  0  I  0.5  I  0  I  0  I  0  I  0  I  0  I  0  at  erCluent  in  P5 
end  or  lagoon. 
llLJLll Flooding  orl6.5  XIO'  /  0  I  0  /  0  I  0  I  0  I  0  I  0  I  0  /  0  I  0  I  0 
lagoon  COlZlmenced  1 (/1 
30/1/86  /-/-/-/0/0/0/01010/0/0/0  Lagoon  dry. 
illill  Flooding  orl  - 12 .
0 
XIo'1  '0  I  0  I  0  I  0  I  0  I  0  I  0  I  o.s  I  0  I  0  lagoon  comlllenced 
Honday,  3/2. 
19/2/86  /  - /  - /  0  /  0  I  0  /  0  /  0  /  0  I  0  /  0  /  0  /  0.5 
Lagoon  dry. 
21flill  Flooding  /1.95  XIO'/3.15XIO'/  0  /  0  I  0  /  0  /  I  /  0  /  <.5  /  2.1  I  1.5  /  0.5 
commenced  25/2. 
illill  I  - I  - I  - /  0  I  0  I  0  /  0.5  / . 0.5  I  0  I  0  I  0  I  I 
Lagoon  dry, 
-38-
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Table  C-1(a):  Ammonium-N  - March  to  April  1986 
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SAMPLE 
No. 
Before  pumping 
B1 
B2 
B3 
B6 
B7 
B8 
Effluent 
P1 
P2 
P3 
P4 
P5 
After  pumping 
B1 
B2 
B3 
B6 
B7 
B8 
Effluent 
MARCH  APRIL 
18  25  3  8  15 
3.87  7.41  0.16  7.08  3.29 
0.24  0.16  O.  16  O.  16  0.16 
0.16  0.16  0.16  O.  16  0.16 
7.82  7.57  8.24  9.39  9.39 
O.  49  O.  41  .  0.33  0.41  0.6 
Trace  O.  16  O.  16  0.16  0.2 
34.5  34.0  45. 9 
1. 07  0.33  O.  16  5. 43  3.94 
0.08  Trace  O.  16  3.95  8.4 
Trace  Trace  0.16  O.  16  0.16 
0.33  4. 45  O.  16  O.  16  0.16 
34.4  19.7  11. 8  11. 3  74 
4.69  5.6  4.04 
0.33  0.6  0.16 
0.16  0.16  0.16 
8.2  8.4  9.39 
0.41  0.33  0.41 
Trace  O.  16 
3.85 
-:39-
22  29 
2.22 
0.16 
0.16 
11 . 3 
0.41 
0.16 
O.  16 
O.  16 
1.73 
1. 56  0.65 
0.24  0.33 
0.16  0.33 
11. 8  14.33 
O.  33  O.  33 
0.16  0.08 :JF~~";21  <>':-'l~ 
I 
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Table  C-1(b):  Ammonium-N  - May  to  June  1986 
SAMPLE  MAY 
No.  6  13  20  27 
Befor'e  pumping 
B1  O.  57  0.24  0.16  0.74  0.74 
B2  O.  16  0.24  0.33  0.24  0.16 
B3  0.08  0.08  0.16  0.16  0.16 
B6  14.3  18.7  14.3  16.4 
B7  0.33  0.33  0;33  0.49  0.57 
B8  0.08  0.08  0.08  0.08  O.  08 
Effl  uent  42.0  33.6 
P1  0.08  12. 3  32. 8  14.3  2. 22 
P2  0.08  O.  12  0.08  0.5 
P3  0.08  0.08  0.08  0.5  0.25 
P4  0.08  0.08  1.40  0.5  0.16 
P5  O.  33  1. 32  0.08  0.3  0.16 
After'  pumping 
B1  0.57  0.49  0.82  0.58 
B2  0.24  0.33  0.24  0.41 
B3  0.08  0.16  0.08  0.33 
B6  15. 5  18.7  16. 5  17.0 
B7  0.33  0.33  0.49 
B8  0.08  0.68  0.24  0.08 
Effluent  36.0  32.6 
-40-
JUNE  I 
4  10  17  24 
0.74  1. 65  2.47  5.68 
0.33  O.  41  0.16  0.24 
0.33  0.82  0.32  0.41 
13. 1  16.8  14.8  15 ..  8 
0.49  0.41  0.16  0.49 
0.33  0.16  0.08  O.  25 
26.1  43.4 
0.32  0.5  O.  2 
3. 25  O.  1 
0.24  0.32  0.0  0.4 
O.  16  0.16  0.0  O.  1 
0.16  O.  24  O.  5  0.2 
5.60  0.82  4. 57  7.41 
0.41  0.41  1. 24  2. 22 
2.39  0.82  0.58  0.49 
15. 5  16.5  18. 2  13. 3 
2.88  0.74  0.66  0.49 
O.  16  22.7  O .. 58  1. 24 
47.4 
~ I 
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Table  C-1(c):  Ammonium-N  - July  1986 
SAMPLE  JULY 
No.  8  15 
Before  Pumping 
B1  7.02  7. 41  3.95 
B2  0.49  1. 48  0.41 
B3  O.  74  2.64  1. 73 
B6  10.3  1. 97  12. 21 
B7  0.29  0.16  O.  41 
B8  0.24  0.82  0.16 
Effluent  38. 2 
P1  0.12  0.08 
P2  1.32  0.15 
P3  0.41  0.16  0.08 
P4  0.41  0.12  O.  10 
P5  0.55  0.15  0.10 
After  pumping 
B1  4.28 
B2  0.33 
B3  0.70 
B6  15. 3 
B7  0.57 
B8  0.16 
Effluent  40. 7 
22 
7.33 
3. 71 
0.99 
12.3 
0.33 
0.08 
-41-
29 
3.95 
0.32 
O.  70 
49.4 
0.25 
O.  32 
38.8 
0.33 
0.30 
0.33 
0.16 
O.  12 
10.3 
0.49 
AVERAGE 
MARCH  - JULY  86 
3. 1 
O.  3 
0.5 
14 
0.4 
0.2 
37 
4.6 
1 . 2 
0.2 
0.5 
8.3 
3.3 
O.  7 
O.  5 
14 
0.6 
1.9 
39 I 
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Table  C-2(a):  Ammonium-N'- March  to  April  1986 
SAMPLE  MARCH 
No.  17  25  18  19 
Before  pumping 
B1  7.89  28.5  77.2 
B2  O.  42  1. 05  O.  71 
B3  31. 9  30.6  28.5 
B6  13. 0  25.6  38.6 
B7  Trace  Trace 
B8  20.1  19. 7  19. 9 
Effluent  1. 30 
P1  0.83  219 
P2  0.16  207 
P3  10.5  120 
P4  10. 7  69.3 
P5  2.94  0.84 
After  pumping 
B1  57.9 
B2  0.30 
B3  31. 0  1.34 
B6  42.0 
B7  O.  55 
B8  19. 7 
Effluent 
-42-
APRIL 
3  8  15  22  29 
, 
I 
I 
I 
I 
37.8  35. 2  106  14.9  I 
O.  50  0.26  0.21  O.  56 
! 
28.7  37.3  5.04  36.5 
17. 8  13. 4  14.2  27.9 
Trace  Trace  Trace  Trace 
18.4  21.0  21. 4  24.1 
O.  11  1. 27  _. 
13. 2  318  124 
3, 78  20.5  1. 68 
2. 52  2.94  254  20.5 
7.56  15.9  69.3  12.6 
Trace  0.36  60.0  11. 7 
56.7  38. 2  19. 5  31.0 
1. 04  O.  27  0.69  O.  42 
37. 1  84  37.5  17. 2 
11. 7  12. 1  29.6  39.4 
1. 28  Trace  0.26  Trace 
19.7  22.0  23.9  17.43 
Trace I  - ..•  aa. 
111 "\  i 
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Table  C-2( b):  Hi trate-H  - May  to  June  1986 
SAMPLE  MAY 
No.  1  6  13  20  27 
Before  pumping 
B1  33. 5  29.4  45  25.0  15. 5 
B2  1. 03  2.52  0.66  0.63  2.10 
B3  35.2  34.8  40.5  28.0  41.8 
B6  51. 2  51. 2  47.0  24.9  24.6 
B7  Trace  Trace  Trace  Trace  0.08 
B8  21. 6  21.4  19.8  18.0  17.2 
Effluent  5.67  1. 02  1. 84 
P1  9.66  1. 89  3. 52  10.5  14.7 
P2  124  O.  91  3.02  5.0  -
P3  120  20.7  5.28  2.0  4. 1 
P4  62.3  19.7  6.49  5.0  5.33 
P5  10.0  79.8  6.6  13.5  11. 0 
After  pumping 
B1  45.5  20.0  40 .. 0 
B2  0.4  1. 01  0.75 
B3  38.9  30.1  41. 5 
B6  46.5  30.1  24.5 
B7  0.92  Trace  Trace 
B8  18. 4  5.7218.2 
Effluent  2. 40 
-- -----_.-
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JUNE 
4  10  17  24 
37.2  23. 3  29. 4  25. 5 
0.96  0.45  O.  78  0.44 
35.6  46.3  41. 4  39.3 
18.04  20.9  18.9  25. 4 
0.29  0.44  Trace  0.10 
13.9  10. 6  9.64  11. 0 
- 4. 18  0.66 
- 3.2  Trace  16. 4" 
- 50.0  37.7 
7.38  168  21. 5  303 
4.92  52.0  44.5  49.6 
13. 9  43.8  89.0  77.9 
~ 
! 
48  59  27  32. 8 
0.42  O.  28  0.50  0.08 
25.0  50  47.0  16.4 
~ 
22.5  17  23. 5  Trace  i 
Trace  Trace  Trace  Trace 
13.6  18. 7  Trace  Trace 
Trace  I  -M 
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Table  C-2( c):  Nitrate-N  - July  1986 
SAHPLE  JULY 
No.  8  15 
Before  Pumping 
B1  8.2  5.74  4. 1 
B2  0.56  0.40  O.  20 
B3  31.9  29.9  24.1 
B6  19. 2  22. 5  14.3 
B7  0.44  0.44  0.33 
B8  9.84  11. 0  11 . 0 
Effluent  0.10 
P1  7.65  6. 12 
P2  6. 56  2.04 
P3  95.9  2.04  3.06 
P4  132  8. 16  6.63 
P5  135  25.5  32. 1 
After  pumping 
B1  3.69 
B2  0.46 
B3  31.9 
B6  25.0 
B7  0.66 
BB  6.97 
Effluent  O.  11 
22 
29.5 
0.04 
7.3B 
5.74 
1.10 
9.24 
-44-
29 
16.4 
0.22 
27.8 
9.84 
0.44 
11. 4 
0.04 
282 
69.7 
4.10 
11. 0 
15. 1 
AVERAGE 
HARCH-JULY  86 
30 
0.7 
33 
25 
O.  1 
17 
1. 6 
64 
37 
62 
31 
33 
36 
0.5 
33 
24 
0.3 
13 
0.6 I  •
;, 
j 
•  •  •  • 
• 
•  • 
•
'~ 
.  . 
•  •  • 
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Table  C-3(a):  Phosphate-N  - March  to  April  1986 
SAHPLE  MARCH  APRIL 
No.  18  25  3  8  15 
Before  pumping 
B1  3. 15  1. 65  0.30  3. 45  1. 45 
B2  0.05  0.0  0.05  0.05  0.05 
B3  0.35  0.35  0.30  0.30  0.30 
B6  0.95  0.80  1. 05  1.15  0.95 
B7  0.30  0.05  0.65  1. 10  O.  35 
! 
B8  O.  15  O.  15  0.25  O.  20  0.15 
Effluent  6.75  11. 7  10.5 
P1  0.05  0.10  0.15  0.10  0.00 
P2  0.55  1.40  1.60  1.00  1. 05 
P3  0.85  0.95  1. 60  2. 40  -
P4  0.90  O.  80  1. 25  0.95  0.95 
P5  0.25  O.  50  0.65  O.  40  0.40 
After  pumping 
B1  4. 5  2.00  4. 40 
B2  0.05  0.15  0.35 
B3  0.35  0.30  0.30 
B6  0.85  1.00  1.20 
B7  1. 30  O.  10  0.10 
B8  0.20  - 0.15 
Effluent  10.5 
-45-
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22  29 
-
0.25 
1 . 15 
0.90 
0.15 
1.40 
0.95 
0.30 
1. 05  2. 15 
0.00  0.05 
0.30  0.20 
1. 20  1. 10 
0.30  O.  12 
O.  20  0.30 II 
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Table  C-3(b):  Phosphate-N  - May  to  June  1986 
SAHPLE  HAY 
No.  1  6  13  20  27 
Before  pumping 
B1  4.0  4. 7  10.4  9.5 
B2  0  0.07  O.  10  0.05 
B3  1.4  0.27  0.30  0.30 
B6  1 . 0  1. 55  0.95  1.55 
B7  0.8  O.  10  O.  50  0.27 
B8  0.3  O.  10  0.22 
Effluent  4.0 
P1  O.  12  0.4  0.55 
P2  1. 55  1. 80 
P3  2. 15  2.60  2.10 
P4  1.55  O.  55  1.60 
P5  0.60  1.45  0.67 
Arter  pumping 
B1  4. 1  4. 7  11. 0  O.  10 
B2  0.04  0.05  0.05  0.00 
B3  0.30  0.30  0.25  0.20 
B6  1.0  1. 15  1. 55  0.65 
B7  4.0  0.10  0.10  0.05 
B8  0.3  0.25  0.07  0.30 
Effluent  5.0  34.0 
-46-
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JUNE 
4  10  17  24 
3.35  2.30  9.50  3.37 
0  0.05  0.07 
0.25  0.25  0.27  O.  20 
1.35  1 . 10  1. 65  1.20 
0.25  0.70  O.  10  0.05 
0.20  0.20  0.30  0.25 
8.5  11. 0 
0.10  0.20  1.9'5 
1.35  1.60 
2.0  1.57  1.50  0.10 
1.25  O.  85  1. 30  1.20 
0.60  0.35  O.  40  0.95 
1. 8  0.2  3.2  3.42 
0.00  0.02  0.02  0.02 
0.10  0.10  0.25  0.25 
0.95  1.40  0.80  O.  10 
0.10  0.05  0.02  0.02 
0.25  1.00  0.02  0.02 
5.75 i£1[1[.a:-I:YiIJF:---------------------------:-:-.",.--~ 
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Table  C-3( c):  Phosphate-N  - July  1986 
SAMPLE  JULY 
No .  8  15  22 
Before  Pumping 
B1  8. 40  5. 55  5.00 
B2  0.00  O.  02  0.05 
B3  0.32  0.25  3.30 
B6  1.45  1.00  1. 30 
B7  0.08  0.12 .  0.20 
B8  O.  15  0.30  0.30 
J 
Effluent  13. 2 
P1  0.12  O.  25 
P2  1. 57  0.95 
P3  0.65  1.70  1.20 
P4  0.95  1. 00  0.95 
P5  0.55  0.55  0.55 
After  pumping 
B1  3. 1  2.70 
B2  0.07  0.05  0.02 
B3  0.50  0.20 
B6  1.05  0.60 
B7  0.10  0.05 
B8  0.02  0.25 
Effluent  11. 7 
-47-
29 
4. 85 
0.05 
O.  25 
0.90 
0.10 
O.  35 
9.50 
0.07 
0.70 
1.00 
1.10 
0.35 
AVERAGE 
MARCH  - JULY  86 
4. 8 
0.1 
O.  5 
1 . 1 
0.4 
0.2 
9.4 
0.3 
1. 3 
1.6 
1 . 1 
0.6 
3.2 
O.  1 
0.3 
1.0 
O.  4 
0.2 
13 KKINANA  RESULTS  19/3/86  - 15/7/86  FLOODING  KITH  1/3  PRIMARY,  2/3  SECONDARY  EFFLUENT  AND  DRYING. 
FAECAL  COLIFORHS/l00  mL  FAECAL  COLIFORHS/100  mL 
DATE 
EFFLUENT'  ,  PAN  2  ,  PAN  3  ,  PAN  4  ,  PAN  1  PAN  5  BORE  1  ,  BORE  2  ,  BORE  3  ,  BORE  6'  BORE  7  ,  BORE  8 
19/3/86  Lagoon  - 2.2  xl0'  0  0  0  0  0  0  0  0  0  0 
recently  flooded  but 
nOli  dry.  •  26/3/86  Lagoon  1.35  x10'  500  0  0  0  0  0  0  1  0  0  0 
flooded  but  dry  on 
Kestern  End.  !  •  4/4/86  Lagoon  dry. I  - I 
0  I 
0  I 
0  I 
0  I 
0  I 
0.5  I 
0  I 
0.5  I 
0  I 
0  I 
17 
9/4/86 
1 
5.4  X10
b
I5.250X10'  0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
5 
Lagoon  flooded. 
16/4/86  Lagoon 
1 
1.6  X10b11.295X10t  0 
1 
0 
/ 
0 
/ 
0 
/ 
0 
1 
0 
1 
0 
/ 
0 
/ 
0 
1 
0.5 
still flooded.  •  • 
23/4/86  Lagoon  dry I  - ,  - I  - I 
0  I 
0  I 
0  I 
0  I 
0  I 
0  ,  0  I 
0  ,  0 
I 
1.4  X10
b
/ 
I  I  /  1  I  /'  I  I  1 
-
1/5/86  0  0  0  0  0  0  0  0  0  0 
1 
0 
Lagoon  flooded.  • 
6/5/86  Lagoon  6.2  x10 5  1.61 x1 O'  0  2  0.5  0  0  0  0  0  0  1 
flooded.  Overnight 
rain.  (first rain in 
quite  some  time) 
13/5/86  Lagoon  5.4x10
J  2. 2x1 02  1.5  0  0  O.  5  1  0  1  3.5  0  0.5 
flooded  due  to 
leakage  intermittant 
shollers  over past 
Reek. 
20/5/86  Lagoon  dry  - 103.5  0  0  0  0  63.5  0  9  0  0  0.5  •  Quite  a  bit of  rain 
recently. 
27/5/86  Lagoon  dry. I  - I 
7.5  I  - I 
0  I 
0  I 
0  I 
a  I 
0  I 
0  I  a  I 
0.5  I 
O.  5  • 
3/6/86  Lagoon  dry. I  - I 
0  I 
0  I  a  I 
0  I 
0  I 
0  I 
0  I 
, 
0  I 
0  I  a  I 
0 
10/6/86  Lagoon  7. a  xl0J  8.5  xl0
J  7.5  0  0  0.5  0.5  a  0.5  0  0.5  0 
flooded  - possibly 
I  rainHater. 
I  • 
II 
17/6/86  Lagoon  dry. I  - I 
1  I 
- I 
0  I 
a  I 
0  I  a  I 
a  I  a  I 
0  I 
0.5  I 
0 
24/6/86  11. HX10
b 
I 
0 
/ 
0 
/ 
0 
I 
0 
I 
0 
I 
0 
1 
0 
1 
0 
1 
a 
1 
0 
/ 
0 
Lagoon  flooded. 
1/7/86  14.2  xl0' 
1 
645 
1 
a 
1 
a 
1 
0 
1 
0 
I 
a 
/ 
a 
/ 
0 
I 
0 
I 
0 
1 
0 
Lagoon  flooded.  • 
8/7/86  Lagoon  dry. ,  - ,  3.5  ,  0  ,  0  ,  0  ,  0  ,  0  ,  0  ,  0.5  ,  0.5  ,  0.5  ,  0.5 
15/7/86  Lagoon  dry.'  - ,  0  I  - ,  1  ,  a  ,  0  ,  0  ,  0  ,  1  ,  0  ,  1  ,  70.5  •  -- ---
-48-
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-Table D-1 (a):  Ammonium-N  - August  to  September  1986 
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SAMPLE 
No. 
Before  pumping 
B1 
B2 
B3 
B6 
B7 
B8 
Effluent 
P1 
P2 
P3 
P4 
P5 
After  pumping 
B1 
B2 
B3 
B6 
B7 
B8 
Effluent 
5 
4.2 
O.  41 
0.91 
13. 8 
0.33 
0.25 
28.6 
0.5 
0.5 
0.5 
0.5 
0.5 
3.05 
O.  41 
0.49 
13. 5 
O.  41 
0.00 
29. 1 
12 
AUGUST 
19 
2.14  2. 59 
0.32  0.35 
0.58  O.  49 
14.3  12. 8 
0.37  0.32 
O.  13  0.08 
46.9  77.0 
9.16 
0.32  0.16 
O.  15  0.08 
O.  15  0.08 
O.  15  0.16 
3.21  2.47 
1.40  0.16 
0.82  0.24 
11 . 1  14.3 
O.  41  0.25 
O.  25  0.08 
63.4 
26 
2.47 
O.  16 
0.34 
13. 3 
7.83  . O.  16 
40.0 
O.  16 
0.08 
0.08 
0.08 
4.20  3.3 
O.  25  O.  49 
0.16  0.25 
13.3  14.0 
0.25  0.16 
0.08  30.6 
-49-
SEPTEMBER 
9  16 
2.22  0.4 
0.41  0.41 
0.49  0.33 
10. 3  8.34 
0.66  0.41 
0.25  0.25 
13. 8  47.4 
17.2  39.0 
1.48  O.  5 
0.99  O.  5 
0.99  0.5 
0.49  0.00 
2.92  0.54 
0.41  0.33 
0.33  O.  25 
12. 3  9.64 
0.49  0.41 
0.16  0.08 
42.9  47.4 
23 
0.25 
O.  25 
0.25 
8.40 
0.33 
0.16 
34.5 
------, 
AVERAGE 
AUGUST-SEPT  86 
2. 3 
0.3 
0.5 
12 
1. 7 
0.2 
42 
11 
0.5 
0.4 
0.4 
0.2 
2.5 
0.5 
0.4 
12 
0.4 
0.1 
41 11 
~  ~l  Table  D-2(b):  Nitrate-N  - August  to  September  19B6 
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SAMPLE 
No. 
Before  pumping 
B1 
B2 
B3 
B6 
B7 
BB 
Effluent 
P1 
P2 
P3 
P4 
P5 
After  pumping 
B1 
B2 
B3 
B6 
B7 
BB 
Effluent 
5 
22 
0.23 
21. 5 
17. 5 
0.66 
14.5 
O.OB 
16. 1 
27.0 
60.3 
11 B 
137 
14.7 
O.  20 
14.7 
13. 1 
O.OB 
23.1 
0.12 
AUGUST 
12  19  26  2 
1 B.  0  2.46  29 
0.27  0.06  0.16 
25.B  22. 1  29. 5 
11. 4  12. 7  31. 5 
O.  21  O.  1 B  0.99 
10.2  1 B.  0  16.5 
0.06  0.02  O.OB 
B.61  19. 0 
2.46  1.64  7.00 
1.64  1. 64  4.0 
4. 1  3.2B  3.0 
15. 1  4.92  5.0 
9.02  10.2  11 . B  6. 15 
O.  19  0.44  0.04  0.04 
26.2  41. B  32. 3  31 . 1 
B.2  14.3  23.3  27.4 
O.  66  0.04  0.22  0.B8 
18. 4  17. 4  20.7  17.6 
0.05  O.OB 
-50-
SEPTEMBER  I  AVERAGE 
9  16  23  AUGUST-SEPT  B6 
24.0  31. 9  21 
0.14  0.20  O.  2 
34  2B. 1  27 
36  30.2  23 
O.BB  0.99  0.7 
1 B.  7  16. 2  16 
0.10  0.06  O.  1 
5.46  12-
14.0  10 
4.14  14 
2. 34  26 
4.6B  33 
B.B  3B  21.7  25 
0.9  O.OB  0.10  0.3 
39  25.5  27.0  30 
32  29.5  24.1  22 
O.  45  6.BB  2.09  0.6 
1B  15. 4  16.2  1 B 
2.7  O.OB  1. BO  O.B [1'~.,.··IIlIf~".!IIL-------------------
I ··'····· 
, 
f. 
•  _ 
....  '  t 
R~·  J  - ..  ..  •
;  .. 
r . 
•  • 
III 
I 
I  --
I 
• 
I 
I 
Table  D-3( c) : 
SAMPLE 
No. 
Before  pumping 
B1 
B2 
B3 
B6 
B7 
B8 
Effluent 
P1 
P2 
P3 
P4 
P5 
After  pumping 
B1 
B2 
B3 
B6 
B7 
B8 
Effluent 
Phosphate-P  August  to  September  1986 
AUGUST  SEPTEMBER 
5  12  19  2  9  16 
4.05  4. 85  5.50  3.92  3.45  2.98 
0.04  0.02  O.  18  0.03  0.02  0.03 
0.35  0.32  O.  27  0.32  0.32  0.40 
1. 50  1. 50  1. 35  1. 65  1. 00  1.67 
0.07  0.05  O.  15  0.04  0.07  0.05 
O.  40  0.25  O.  57  O.  62  0.88  0.45 
10. 1  11. 2  18. 7  9.55  8.05  10.4 
0.40  0.38  0.5 
1.40  1. 20  1.45  0.95 
1. 20  1. 07  1.67  2. 15 
1. 22  1. 02  1.30  1. 46 
0.70  0.75  2.82  0.92 
5.30  11. 5  3.60  2.8  2.80 
0.10  0.17  0.10  0.05  0.07 
0.40  O.  92  0.20  0.05  O.  35 
1. 35  1. 00  1.75  1.70  1. 65 
0.20  0.22  0.10  0.10  0.07 
O.  45  0.45  0.60  0.65  0.92 
17. 2  1. 45  9.0  6.75 
-51-
23  ! 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
3.05 
0.02 
O.  55 
1. 57 
0.15 
O.  87 
6. 35 
AVERAGE 
AUGUST-SEPT  86 
4. 1 
0.1 
0.3 
1 . 5 
0.1 
0.5 
11 
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1. 3 
1. 5 
1. 3 
1. 3 
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